Masses and generation mixings of quarks and leptons provide useful information on the models which assume grand unification. In grand unified theories (GUTs), some quarks and some leptons are contained in one multiplet of the gauge group, coupling to a Higgs boson with the same magnitude. Masses and generation mixings for these quarks and leptons are thus correlated with each other. Given the correlations at the GUT energy scale, those at the electroweak energy scale are predicted. These predictions are confronted with experimental measurements, giving nontrivial constraints on the models.
Masses and generation mixings of quarks and leptons provide useful information on the models which assume grand unification. In grand unified theories (GUTs), some quarks and some leptons are contained in one multiplet of the gauge group, coupling to a Higgs boson with the same magnitude. Masses and generation mixings for these quarks and leptons are thus correlated with each other. Given the correlations at the GUT energy scale, those at the electroweak energy scale are predicted. These predictions are confronted with experimental measurements, giving nontrivial constraints on the models.
In the models whose gauge group is SU(5) or SO(10), a serious problem has been known for a long time on the masses of d-type quarks and charged leptons [1] . If particle contents are minimal, their coefficient matrices for Higgs couplings have the same eigenvalue in each generation at the GUT energy scale. However, the observed masses are not consistent with this GUT relation. Another problem has also been recognized these years by neutrino experiments for masses and generation mixings [2] . In SU(5) models, right-handed neutrinos belong to singlet group representation, so that their existence for non-vanishing masses would be considered ad hoc. In SO(10) models, generation mixings for quarks and leptons described by the Cabbibo-Kobayashi-Maskawa (CKM) matrix and the Maki-Nakagawa-Sakata (MNS) matrix are correlated. Measured large mixing angles of the MNS matrix cannot coexist trivially with the small mixing angles of the CKM matrix.
In this letter we present an SU(5) model which can describe nature realistically. Particle contents are enlarged, though their group representations are within rank two, the same as the minimal model. Supersymmetry is imposed in order to embed consistently the standard model in the framework of GUTs. In the SU(5) model, even if right-handed neutrinos are not included, small neutrino masses could be generated by introducing Higgs superfields of representations 15 and 15 [3] . We argue that masses and mixings of quarks and leptons can all be described by introducing superfields of these representations. Incorporation of the new particles does not ruin gauge coupling unification of SU(3), SU(2), and U(1) which is achieved in the minimal supersymmetric SU(5) model. In addition, constraints on the model from proton decay, which are severe in the minimal model, are loosened. Non-vanishing lepton number is induced by decays of new particles in the early universe, which could be the origin of present baryon asymmetry.
The model consists of Higgs superfields Φ, H, H, T m , T m (m=1,2) and matter superfields Ψ i , Ψ i (i=1,2,3), Π, Π. Their representations for SU (5) are shown in Table I . We assume The superpotential prescribed by SU(5) and intrinsic parity is given by
where contraction of SU (5) 
Here, H 1 and H 2 stand for components of H and H, which belong respectively to (1, 2, −1/2) and (1, 2, 1/2). The SU(2)-triplet components of T m , T m , and Φ are denoted by the same symbols, though T m and T m express linear combinations of original superfields. At SU (5) breaking, the mass parameters m T m are given by diag( respectively by P i (i=1,2,3) and P 4 . At SU(5) breaking, these matter superfields are mixed.
The superpotential W M 1 in Eq. (1) gives mass terms,
where P 4 stands for the component of Π belonging to (3 * , 2 * , −1/6). The SU(3)-sextet and the SU(3)-singlet components of Π are expressed by Π (6) and Π (1) , while their conjugate representations in Π are by Π (6) and Π (1) . These superfields have masses of the order of M X .
The mass terms for P j (j=1,2,3,4) give a non-vanishing mass to one linear combination of them. Taking {F ij } for a unitary matrix, the mass eigenstates of P j are expressed by The superpotential for quark and lepton masses is given by
where the terms containing heavy matter superfields have been neglected. The mass matrices for d-type quarks, u-type quarks, charged leptons, and neutrinos are given respectively by 
Experimentally, the quark and lepton masses, CKM matrix, and MNS matrix are, in princi- 
If the new matter superfields Π and Π are not introduced, the coefficients satisfy the equal- We turn to discussion on whether grand unification of SU(3), SU(2), and U(1) gauge symmetries is realized. Although new superfields are very heavy, some of them should have masses which are smaller than the supposed unification scale M X . We assume that the decomposed components of T m and T m and those of Π and Π have masses respectively around M T m and around M Π . From the renormalization group equations at one-loop level, the fine structure constants α 3 , α 2 , and α 1 for SU(3), SU(2), and U(1) are given by, at an energy scale µ,
where α 
where the coefficients at SU(5) breaking are expressed in terms of those in Eq. (1) as
The lifetime of the proton is determined by these couplings and the generation mixing structure of squarks and sleptons. The latter depends not only on the superpotential but also on supersymmetry-soft-breaking terms [4] , which are prescribed by a theoretical framework above the GUT energy scale.
Taking into consideration the correlations between the coefficients in Eq. (10) and those in Eq. (6), the model could be constrained by experimental lower bounds on the proton lifetime.
In the minimal model which does not contain the superfields Π and Π, the coefficient matrices ζ U D and ζ QL are equal to η d while ζ U E and ζ QQ are proportional to η u . As a result, magnitudes of the couplings for quark and lepton superfields with H C and H C are specified by the experimental values for the masses and mixings of the quarks. However, these correlations are now more relaxed, owing to the contributions of F ij and η i Πψ . The contributions of supersymmetry-soft-breaking terms also become more flexible. The constraints from the proton decay are weaker than the minimal model.
Finally we discuss leptogenesis. It is seen from the superpotential in Eq. (5) that the leptonic decay of the SU(2)-triplet particle T m , with its branching ratio being large, changes lepton number by two unit. Sufficient difference for amount between T m and its anti-particle in the early universe could lead to non-vanishing lepton number which is converted into baryon asymmetry of the present universe. This difference is yielded by the decays of the SU(2)-triplet particle Φ through the interactions with T n and T m in Eq. (2) which violate CP invariance. We assume the kinetic condition 2m T 1 < 2m T 2 < m Φ , which is implied from the magnitudes of the VEVs in Eq. (3) for neutrino masses. The difference of produced amount between ψ m and ψ m is evaluated by a decay rate asymmetry, which is calculated as are not suppressed much, the possible range of the asymmetry is given by |A| < 10 −2 . Since the branching ratio of φ Φ decaying into ψ 1 ψ 2 or ψ 1 ψ 2 is large, sizable difference for amount is yielded between ψ m and ψ m . It should be noted that the sign of lepton number produced by the decay of ψ 1 (and ψ 1 ) is opposite to that by the decay of ψ 2 (and ψ 2 ). However, the leptonic branching ratio is different between ψ 1 and ψ 2 , depending on the coefficients λ m in Eq. (2) and κ m in Eq. (5). In addition, lepton asymmetry induced by the decay of the heavier particle ψ 2 would be diluted by lepton-number violating interactions of the lighter particle ψ 1 before the interactions go out of thermal equilibrium. Leptogenesis could well occur in the early universe. Lepton number may also be induced in the decay processes of T 1 through off-diagonal self-energy terms [5] . Since the origin of CP violation for this mechanism is different from that for the above discussed one, both mechanisms could coexist.
In conclusion, the masses and mixings of quarks and leptons are described realistically within the framework of grand unified model based on SU(5) and supersymmetry. All the particles belong to group representations of up to rank two. The Higgs particles introduced for neutrino masses generate also non-vanishing lepton number in the early universe.
